Linden, J.; Hietaniemi, J.; Ikonen, Erkki; Lippmaa, M.; Tittonen, Ilkka; Katila, T.; Karlemo, T.; Karppinen, Maarit; Niinistö, L.; Ullakko, K. Europium-based high-temperature superconductors studied by X-ray diffraction and 151Eu Mössbauer spectroscopy 
I. INTRODUCTION The existence of antiferromagnetic and superconducting parent phases in the ceramica1 cuprates is important for the mechanisms of superconductivity, due to the mutually exclusive characters of these phases. In the socalled 1:2:3compounds, superconductivity is depressed in favor of antiferromagnetism by simply removing oxygen atoms from the crystal lattice. In other compounds, depression of superconductivity is achieved by cationic substitution. The critical temperature T, depends mainly on the hole concentration, which is usually associated with the formal valence of copper. Therefore knowledge of the oxidation state of copper is of crucial interest. This motivates a thorough characterization of a wide range of samples between the two extremes of superconductivity and semiconductivity.
Due to the anisotropic magnetic susceptibility, powders of high-T, samples exhibit orientational effects in strong magnetic fields. In most compounds the c axis aligns parallel with the external magnetic field. ' If, how- ever, the compound contains some amount of europium the c axis will orient perpendicularly to the field. This is probably due to the large magnetic moment of the Eu atoms, the preferred direction of which is in a plane perpendicular to the c axis.
In the Bi2sr2(Ca, «Eu«}Cu20s+, system, europium or other rare-earth elements y"= -87 and o =0.73. ' These values are typical of rare-earth ions in a 3+ oxidation state, ' ' and Fig. 8 . (4) Fig. 7 we calculated the isomer shift using Eq. (1) and (2). The result is presented by the dashed line in Fig. 11 . The isomer shift was practically constant within the statistical error limits. Such a behavior is expected since x-ray diffractometry indicates a low expansion of the lattice. In the measurement of the Bi2Sr2EuCu208+, sample at 100 K, no conclusive answer was found to the question whether there is a magnetic field at the Cu nucleus. Since the magnetic moment of the Eu atom seems to be perpendicular to the c axis, a magnetic field (B,s) was included into the Hamiltonian as a term perpendicular to the quantization axis defined by V". The magnetic-field strength at the nucleus was found to be less than 0.4 T.
When attempting to fit the spectrum with B, z parallel to V, the value obtained was 0 T within the error estimate.
IV. CONCLUSIONS
In this work the hyperfine parameters at the rare-earth site in EuBa2Cu307~and Eu-doped Bi2Sr2CaCu208 superconductors were studied. The full quadrupole Hamiltonian was successfully applied in analyzing the measured Mossbauer spectra. ' ', 1,-, ', m ', m ' -m, m ) . (A4) Upon integrating (A5), the rotation-matrix factors yield simply a Kronecker-5 term. Hence, for an isotropic absorber we obtain
The angle between the photon direction and the quantization axis is denoted by polar angle 8, while the corresponding azimuthal angle is given by P. The ClebschGordan coeScients between the pure -', and - ', When using an isotropic powder absorber, the transition probability should be averaged over a 4~solid angle. P""= g a'" 'ai" "b'"'*b&"'C( , ', 1, -'"m-', m' -m, in (A8) and averaging P from 0 to n/2, keeping 8 between 0 and m /2. Note that the intensities of an isotropic absorber are in this case obtained for 80=35. 26'. 139 (1974) .
